Background: Cabazitaxel is a second-generation taxane approved for use in patients with metastatic castration-resistant prostate cancer (mCRPC) previously treated with docetaxel. Early access programmes were established to allow eligible patients with mCRPC access to cabazitaxel before regulatory approval.
INTRODUCTION
Prostate cancer is the second most commonly occurring cancer in men worldwide [1] . Early diagnosis is typically associated with better prognosis; however, 10-20% of patients progress to a castration-resistant state, after castration-sensitive disease, within 5 years [2] , while 5-21% of patients present with distant metastases at diagnosis [3, 4] . Docetaxel was approved as a first-line treatment for metastatic castration-resistant prostate cancer (mCRPC, previously defined as hormone-refractory prostate cancer) in 2004 following completion of two Phase III trials: TAX-327 and SWOG-9916, in which docetaxel was associated with a significant improvement in overall survival compared with mitoxantrone/ prednisone [5, 6] .
Cabazitaxel is a second-generation taxane agent, specifically designed to overcome resistance to docetaxel. Cabazitaxel was approved in 2010 based on its survival advantage of 2.4 months over mitoxantrone (hazard ratio 0.70; 95% confidence interval: 0.59-0.83; p < 0.0001) in the Phase III TROPIC trial [7] . A substantial proportion of patients in TROPIC had shown early progression during previous treatment with docetaxel: 72% of patients had progressed within 3 months of their last dose of docetaxel, and 30% had progressed during treatment itself. In addition, 25% of patients had poor prognosis shown by visceral disease [7] . Prior to the TROPIC study, patients who progressed would have either continued on docetaxel, switched to palliative, non-chemotherapeutic treatments or received no treatment. In a follow-up survival analysis of TROPIC (cut-off 10 March 2010), the probability of survival at ≥ 24 months was 27% for cabazitaxel compared with 16% for mitoxantrone (hazard ratio 0.72; 95% confidence interval: 0.61-0.84; p < 0.0001); this analysis also highlighted the benefit of cabazitaxel over mitoxantrone across multiple patient sub-groups [8] .
In TROPIC, there was a higher incidence of Grade ≥ 3 treatment-emergent adverse events (TEAEs) in the cabazitaxel group compared with the mitoxantrone group: laboratory-confirmed neutropenia (82% vs. 58%), febrile neutropenia (8% vs. 1%) and diarrhoea (6% vs. <1%) [7] . The multicentre TROPIC study was conducted at 146 centres in 26 countries -each with varied experience of using chemotherapy for the treatment of mCRPC and different proactive and reactive plans for the management of TEAEs [7] . No primary prophylaxis, defined as treatment before or during Cycle 1 with granulocyte colony-stimulating factor (G-CSF), was initially offered for neutropenia in the TROPIC study. However, after the occurrence of neutropeniarelated deaths (7 patients [2%] receiving cabazitaxel in TROPIC overall), the Independent Data Monitoring Committee recommended that investigators strictly follow protocol-recommended dose modifications and treatment of neutropenia, as per American Society of Clinical Oncology (ASCO) guidelines, and that prophylactic G-CSF be used at the discretion of the investigator, except during Cycle 1 of the treatment. After this recommendation, no further deaths occurred in TROPIC and the application of ASCO guidelines in all subsequent trials was encouraged. Later studies have since suggested that prophylactic G-CSF could be used to prevent and manage neutropenia [7, [9] [10] [11] [12] [13] [14] .
Based on the positive results of TROPIC and the unmet medical need at the time, two studies (compassionate use programme [CUP] and early access programme [EAP]) were established to enable eligible patients with mCRPC early access to cabazitaxel (prior to its commercial availability), and to document and verify its overall safety. Health-related quality-of-life (HRQoL) data were also collected in certain countries, such as Canada, Australia and the UK.
RESULTS

Patient population
A total of 1432 patients were enrolled: in CUP, 451 patients were enrolled from 12 countries between The median number of cycles of most recent docetaxel administration (Q1-Q3) was 8.0 (6.0-10.0; Table 1 ) and the median time from last docetaxel dose to first cabazitaxel dose (Q1-Q3) was 5.3 months (2.4-10.9). In this population, a third of patients (33.8%) had progressed within 3 months after last docetaxel dose (16.6% had progressed before last docetaxel dose).
Treatment exposure
Patients received a median of 6.0 cycles (range 1-49) of cabazitaxel ( 
G-CSF use for neutropenia
At Cycle 1, 599 patients (41.8%) received prophylactic G-CSF for neutropenia, 95 patients (6.6%) received therapeutic G-CSF and 78 patients (5.4%) received both a prophylactic and therapeutic dose (Table  3) . Overall, 827 patients (57.8%) received prophylactic G-CSF for neutropenia at any cycle, and 145 patients (10.1%) received therapeutic G-CSF (139 patients [9.7%] received both a prophylactic and therapeutic dose). The use of prophylactic G-CSF was more common in patients > 65 years of age (Table 3) .
Safety
TEAEs considered possibly related to study treatment were observed more often during the first cycle of cabazitaxel. In all cycles, the most frequently occurring TEAEs possibly related to study treatment (all grades) were diarrhoea (33.3%), fatigue (25.4%), anaemia (23.7%), nausea (22.4%) and neutropenia (22.1%, Table 4 ). The most frequently occurring Grade 3/4 TEAEs considered possibly related to study treatment were neutropenia (18.7%), febrile neutropenia (6.9%), leukopenia (6.4%), anaemia (4.9%) and fatigue (4.3%). Grade 3/4 diarrhoea occurred in 3.6% of patients and Grade 3/4 nausea in 1.3% (Table 4) . Treatment-related neutropenic sepsis occurred in 24 patients (1.7%; Grade 3/4 in 22 patients [1.5%]); sepsis occurred in 13 patients (0.9%; all Grade 3/4) and febrile neutropenia occurred in 101 patients (7.1%; Grade 3/4 in 99 patients [6.9%] 1%) ; toxicity related to cabazitaxel was the cause of dose delay in 279 patients (19.5%) and dose reduction in 277 patients (19.3%). The most frequently occurring TEAEs leading to premature discontinuation of cabazitaxel were fatigue (2.1%), febrile neutropenia (1.5%), anaemia (1.1%), diarrhoea (0.9%), acute renal failure (0.8%), urinary tract infection (0.8%) and neutropenia (0.8%). The most frequently occurring TEAEs leading to death (regardless of causality), were disease progression (1.3%), acute renal failure (0.3%), renal failure (0.3%), general physical health deterioration (0.3%), sepsis (0.3%), pneumonia (0.3%) and febrile neutropenia (0.3%). Forty-one patients (2.9%) died due to a TEAE possibly related to treatment; the most frequently occurring treatment-related TEAEs leading to death were febrile neutropenia and pneumonia (4 patients, 0.3% each). 
DISCUSSION
The CUP/EAP studies succeeded in their primary objective of providing patients with progressive mCRPC access to cabazitaxel from 2010 onwards in countries where it was not yet commercially available. In doing so, these studies fulfilled an important unmet medical need for patients progressing during or after docetaxel. In CUP/EAP, 33.8% of patients had progressed within 3 months of last docetaxel dose (16.6% had progressed during docetaxel therapy itself). Around 1 in 4 patients (24.2%) received 10 or more cycles of cabazitaxel, indicating a long duration of treatment in some patients and suggesting clinical benefit, despite a current lack of overall survival data.
Cabazitaxel had a manageable safety profile in this study. Of note, this study included elderly patients (≥ 75 years of age) and patients with ECOG PS 2 (21.2% and 8.9% of population, respectively). Moreover, the most frequently reported TEAEs were consistent with the safety profile of cabazitaxel reported in the TROPIC and PROSELICA Phase III studies [7, 10] . Of note, the rates of clinical neutropenia and febrile neutropenia were similar between CUP/EAP and TROPIC. The previously published incidences of Grade 3/4 neutropenia were based on laboratory assessments (82% in TROPIC and 73% in PROSELICA) [7, 10] . The rates of Grade 3/4 neutropenia as a symptomatic, clinical AE were 18.7% in CUP/EAP vs. 21.3% in TROPIC (Grade 3/4 febrile neutropenia: 6.9% vs. 7.5%, respectively) (data on file) [7] . In addition, only 5 patients (0.3%) had Grade 3/4 peripheral neuropathy, consistent with the low incidence of peripheral neuropathy seen in previous studies. In TROPIC, prophylactic use of G-CSF was not permitted during the first cycle, but was allowed after the first occurrence of either neutropenia lasting ≥ 7 days, or neutropenia complicated by fever or infection [7] . In CUP/EAP, 64.0% of patients received G-CSF at any cycle, and 53.9% of patients received G-CSF at Cycle 1. Prophylactic use of G-CSF may have lowered neutropenia rates in CUP/EAP, consistent with previous findings [13] . Furthermore, the risk of neutropenia with cabazitaxel treatment should be re-evaluated in the light of recent data suggesting that the 20 mg/m 2 cabazitaxel dose is noninferior, in terms of overall survival, to the 25 mg/m 2 dose (PROSELICA) [10] .
Despite the observed manageable safety profile in CUP and EAP, it is important to note that these studies are associated with certain limitations. Because the CUP/EAP studies were conducted across 41 countries, the impact of regional variation should be considered. In some countries, for example, longer treatment duration (i.e. a higher number of cycles) was considered routine practice and undertaken more often than in other countries. In addition, variation in regional guidelines for the prophylactic and therapeutic use of G-CSF for neutropenia may have influenced safety outcomes, despite the recommendations issued to the investigators. A further limitation of this pooled analysis is that efficacy data from the EAP study were not taken into account.
This global, real-world pooled analysis of CUP/ EAP further demonstrates the manageable safety profile of cabazitaxel and supports its use as a treatment option for patients with mCRPC, including those who are refractory or unresponsive to first-line treatment with docetaxel [15] . A variety of other strategies and novel agents are available, but new potential mechanisms of resistance to these agents are emerging. Therefore, cabazitaxel remains an important treatment option for patients with mCRPC.
MATERIALS AND METHODS
Study design and treatment protocol
CUP and EAP were international, multicentre, prospective, open-label registry studies. Patients were enrolled across 41 countries and treated with cabazitaxel until the occurrence of disease progression, death, unacceptable toxicity, a decision by the physician or patient refusal of further treatment (in some countries, the availability of new treatments may also have led to the discontinuation of cabazitaxel). In Germany, patients were no longer able to continue with the study once cabazitaxel was made commercially available, as per local regulations; patients who continued with treatment subsequently received the marketed drug.
On Day 1 of each cycle, patients received cabazitaxel at a dose of 25 mg/m², administered intravenously over a 1-hour period. In addition, patients received oral prednisone or prednisolone 10 mg daily throughout each cycle, as well as a corticosteroid (dexamethasone 8 mg or equivalent) at least 30 minutes prior to each administration of cabazitaxel. G-CSF was administered as primary (Cycle 1) and secondary prophylaxis (later cycles), as per ASCO guidelines (to prevent neutropenic events), or was administered therapeutically (to treat neutropenic events). Physicians were advised to consider primary prophylaxis with G-CSF in patients with high-risk clinical features (age ≥ 65 years, poor performance status, previous episodes of febrile neutropenia, extensive prior radiation ports, poor nutritional status or other serious comorbidities) that typically predispose patients to increased complications from prolonged neutropenia. The length of each cabazitaxel cycle was 3 weeks (± 3 days). New cycles were delayed until an absolute neutrophil count ≥ 1500/ mm 3 , platelet count ≥ 75,000/mm 3 and non-haematological toxicities (except alopecia) had recovered to baseline. A maximum of 2 weeks' delay was permitted between any 2 treatment cycles. The cabazitaxel dose could be reduced to 20 mg/m 2 in cases of toxicity; however, once reduced, the dose was not to be re-escalated.
The primary objective was to allow access to cabazitaxel before its commercial availability in patients with mCRPC whose disease had progressed during or after docetaxel treatment, and who had similar disease and baseline characteristics to patients in the TROPIC trial. The secondary objective was to assess the overall safety of cabazitaxel in these patients. In some countries, HRQoL data were also collected (not reported here). The studies were conducted in accordance with the principles outlined in the Declaration of Helsinki (18th World Medical Assembly, 1964) and all its subsequent amendments. Each patient provided signed, written, informed consent before enrolment.
Patient population
Patients eligible for enrolment were ≥ 18 years of age, and had a life expectancy > 3 months, an ECOG PS of ≤ 2, mCRPC that had progressed during or after treatment with a docetaxel-containing regimen, adequate bone marrow, liver and renal function, and prior surgical or medical castration. Standard demographic and baseline characteristics (including age, height and weight), medical and surgical history, metastatic sites, cancer diagnosis and prior docetaxel therapy were collected at baseline.
Ineligibility criteria included a history of severe hypersensitivity reaction (Grade ≥ 3) to docetaxel or Polysorbate 80-containing drugs, intolerance or hypersensitivity to prednisone/prednisolone, active Grade ≥ 2 peripheral neuropathy or stomatitis, prior radiotherapy to ≥ 40% of bone marrow, or prior therapy with certain radionuclides.
Safety assessments
Safety assessments included analysis of TEAEs and SAEs. The study protocol defined a TEAE as any untoward medical event occurring (or worsening) during the on-treatment period (from the first day of cabazitaxel administration up to 30 days after the last administration), which did not necessarily have a causal relationship with the treatment; an SAE was defined as any untoward medical occurrence that resulted in death, was life threatening, required hospitalisation, or resulted in persistent or significant disability/incapacity. Laboratory, vital sign or electrocardiogram abnormalities were recorded as TEAEs only if medically relevant (symptomatic, requiring corrective treatment, leading to discontinuation and/or classified as serious). AEs were graded according to the National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0. Monitoring of complete blood counts was performed on a weekly basis during Cycle 1 and before each treatment cycle thereafter to allow for dose adjustment, if needed.
